Many previous reports using experimental animal models of pancreatitis have suggested that oxygen free radicals play an important part in initiation and development of pancreatitis. Infiltration of inflammatory cells -that is, neutrophils, lymphocytes, and monocytes -has been seen in damaged pancreatic glands of animal models and patients with pancreatitis. As neutrophils are known to be the highest producer of oxygen free radicals among these inflammatory cells, it seems plausible that oxygen free radicals produced by neutrophils have some pathoaetiological meaning in pancreatitis. This study measured the superoxide production by neutrophils obtained from patients with acute and chronic pancreatitis and then examined the effects of pancreatic enzymes on superoxide production. Patients showed significantly higher superoxide production by 4p-phorbol 123-myristate 13ot-acetate (PMA) stimulated neutrophils than healthy controls. Among the three pancreatic enzymes, amylase, trypsin, and elastase, elastase was the only one that increased the superoxide production by PMA stimulated neutrophils, by an increment of 15-fold. It also increased the activity of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase prepared from PMA stimulated neutrophils by a factor of 2-1. High affinity and low affinity binding sites for elastase on neutrophils were identified. These results suggest that elastase plays a part in the development of pancreatitis by enhancing superoxide production of neutrophils.
Abstract
Many previous reports using experimental animal models of pancreatitis have suggested that oxygen free radicals play an important part in initiation and development of pancreatitis. Infiltration of inflammatory cells -that is, neutrophils, lymphocytes, and monocytes -has been seen in damaged pancreatic glands of animal models and patients with pancreatitis. As neutrophils are known to be the highest producer of oxygen free radicals among these inflammatory cells, it seems plausible that oxygen free radicals produced by neutrophils have some pathoaetiological meaning in pancreatitis. This study measured the superoxide production by neutrophils obtained from patients with acute and chronic pancreatitis and then examined the effects of pancreatic enzymes on superoxide production. Patients showed significantly higher superoxide production by 4p-phorbol 123-myristate 13ot-acetate (PMA) stimulated neutrophils than healthy controls. Among the three pancreatic enzymes, amylase, trypsin, and elastase, elastase was the only one that increased the superoxide production by PMA stimulated neutrophils, by an increment of 15-fold. It also increased the activity of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase prepared from PMA stimulated neutrophils by a factor of 2-1. High affinity and low affinity binding sites for elastase on neutrophils were identified. These results suggest that elastase plays a part in the development of pancreatitis by enhancing superoxide production of neutrophils. (Gut 1994; 35: [1659] [1660] [1661] [1662] [1663] [1664] Caerulein induced pancreatitis in rat,l1 7 sodium taurocholate induced pancreatitis in rat,3 4 choline deficient ethionine supplemented diet induced pancreatitis in mouse, [5] [6] [7] and free fatty acid induced pancreatitis in dog8 9 are often used as models to study acute pancreatitis in humans. Recently, increased concentrations of oxygen free radicals,3 xanthine oxidase,5 and lipid peroxide25 have been noted in pancreatic tissues of these models. Pretreatment of animals with oxygen free radical scavengers; superoxide dismutase,' 2 4 5 7 8 catalase,' 2 4 7 8 or with xanthine oxidase inhibitor, allopurinol,6 7 9 reduced their pancreatic damage. These findings suggest that oxygen free radicals may play an important part in the initiation or development of pancreatitis.
Infiltration of inflammatory cells -that is, neutrophils, lymphocytes, and monocytesis quite common in damaged pancreatic glands of models of acutel0 and chronic"l pancreatitis as well as in those of patients with acute pancreatitis'2 and chronic pancreatitis at early stage. 13 Neutrophils are known to be the highest producer of oxygen free radicals among these inflammatory cells, and thus it seems plausible that oxygen free radicals produced by neutrophils have some pathoaetiological meaning in pancreatitis. It has not been clear, however, whether the oxygen free radical production of neutrophils obtained from patients with pancreatitis is actually enhanced or not, and the effects of substances derived from pancreas on superoxide production by neutrophils are not known.
In this study, we, therefore, firstly measured the superoxide production by neutrophils obtained from patients with acute and chronic pancreatitis, and then examined the effects of pancreatic enzymes on superoxide production by neutrophils.
Methods

STUDY POPULATION
The control group comprised 10 healthy subjects (four men, six women) at our institution. The patient group comprised five with acute pancreatitis (four men, one women) and 12 Figure 1 : Superoxide production by neutrophils in patients with acute and chronic pancreatitis. Neutrophils (1 X 10 6 cells) were stimulated by 10 ng/ml PMA and accumulation of superoxide production atfive minutes was determined by cytochrome c (see Methods). Patients showed significantly (*p<0 005, tp<0 001) higher production than the healthy controls by Student's t test. The horizontal bar represents the mean and the vertical bar represents (SD).
MEASUREMENT OF SPECIFIC BINDING OF ELASTASE TO NEUTROPHILS
Radioiodination of elastase was performed by the method of Bolton and Hunter'6 to obtain 1 25I-labelled elastase with a specific activity of 71X 104 cpm/,g. 2X 106 neutrophils obtained from a healthy donor were incubated with various concentrations of 125I-elastase and excess amount of unlabelled elastase for one hour at 4°C. Cells were washed three times with Hanks's balanced salt solution containing 01% bovine serum albumin and were then solubilised in 1 M HCI, and their radioactivity was determined with a gammacounter. The number of specific binding sites of elastase per cell and the dissociation constants (kd) were determined by Scatchard plot analysis.
PREPARATION OF PLASMA MEMBRANE FRACTION
The plasma membrane fraction was prepared according to the modified method of Kakinuma et al. '7 Briefly, neutrophils were suspended in Ca21 free Krebs-Ringer/HEPES buffer (122 mM NaCl, 4-9 mM KCI, 1-2 mM MgCl2, 17 mM HEPES (pH 7 4)) containing 5 mM glucose. The cell suspensions were centrifuged at 1000Xg for five minutes at 40C. The resulting pellets were mixed with 0 5 ml of 0 34 M sucrose containing 10 mM TRIS buffer (pH 7.4) and sonicated for 15 seconds in an ice bath. The solution was then mixed with phenylmethylsulphonyl fluoride at a final concentration of 1 mM and centrifuged at 450Xg for 10 minutes to remove nuclei and unbroken cells. The supernatant was centrifuged at 1 00000xg for 60 minutes and the resulting pellet was suspended in a small amount of 0 34 M sucrose. This suspension was defined as the plasma membrane fraction and stored at -70°C until use.
MEASUREMENT OF NADPH OXIDASE ACTIVITY
The amount of nicotinamide adenine dinucleotide phosphate (NADPH) dependent superoxide production by NADPH oxidase was taken as the superoxide dismutase inhibitable reduction of cytochrome c, according to the modified method of Park and Babior.'8 Assay mixtures contained 1 mg/ml cytochrome c, 0-1 mM NADPH (Sigma Chemical), plasma membrane fraction, and 50 mM potasium phosphate buffer with 1-2 mM MgCl2 to a final volume of 0 75 ml. All components except NADPH were mixed in a cuvette and equilibrated at 25°C for 60 seconds. Reactions were started by adding the NADPH, and cytochrome c reduction was observed at 550 nm for five minutes in a dual beam recording spectrophotometer (U-3200 spectrophotometer, Hitachi). Protein concentrations were determined by the Bio-Rad protein assay (Bio-Rad Laboratories, Richmond, CA). NADPH oxidase activity was expressed in nmol/min/mg protein, using an extinction coefficient of 21 X 103 M-Icm-, corrected for the calculated length of the light path. We investigated the superoxide production by circulating neutrophils of five patients with acute pancreatitis, 12 patients with chronic pancreatitis, and 10 controls. In the absence of stimulus, no production was seen in any of the subjects (Fig 1) . Therefore, we measured the superoxide production by neutrophils treated with PMA, a well known stimulator. In healthy controls, the superoxide production mean (SD) was 4-73 (1*17) nmol/5 min/I X 106 neutrophils. In contrast, in the patients with acute and chronic pancreatitis, the superoxide production was significantly Amylase, trypsin, and elastase by themselves had no effect on superoxide production (data not shown). We then measured the superoxide production by neutrophils treated with PMA (10 ng/ml) in combination with various concentrations of these three enzymes.
Combined treatment with amylase and trypsin did not bring about any significant changes in superoxide production when compared with control cells -that is, neutrophils treated with PMA alone (Fig 2) . Only the combination of PMA and elastase resulted in clear increase in production of superoxide throughout the range of elastase concentrations (Fig 3) . The values with elastase at 1 and 10 ,ug/ml were, respectively, 1-4 and 1-5 times that found after similar incubation with no elastase.
The shaded area in Figure 4 shows 
SPECIFIC BINDING OF ELASTASE TO NEUTROPHILS
The number of specific binding sites for elastase on normal neutrophils was determined by Scatchard plot analysis (Fig 5) . The curved line can be resolved into two components, high affinity, and low affinity. The membrane fraction from neutrophils that had been untreated or treated with PMA (10 ng/ml) or elastase (10 pug/ml), or both for five minutes by measuring the superoxide produced by adding excess NADPH. No NADPH oxidase activity was seen in either nonstimulated or elastase stimulated neutrophils, but the activity in membrane from neutrophils stimulated with PMA was 2-98 (0-81) nmollmin/mg protein, and in that stimulated with both PMA and elastase, activity increased by a factor of 2 1 to 6-26 (0 75) nmol/min/mg protein (Table) .
Discussion
Many previous reports have suggested that oxygen free radicals may play an important part in the initiation and development of pancreatitis,1-9 but no published studies have confirmed whether superoxide production by neutrophils is actually increased in patients with pancreatitis. Nothing is also known of the effect of substances derived from pancreas on superoxide production by neutrophils. In this study, we investigated the superoxide production by neutrophils of patients with acute and chronic pancreatitis. In the absence of stimulus, no superoxide production by neutrophils was seen in either patients or healthy controls. In these patients, however, the superoxide production by neutrophils treated with PMA was significantly higher than in healthy controls. This result suggests that patients' neutrophils had already been primed by some substance or substances. Because all patients we investigated showed an abnormal increase in the serum value of the pancreatic enzyme, we hypothesised that pancreatic enzymes might affect the superoxide production by neutrophils in patients with pancreatitis. To confirm this, we then studied the effect of pancreatic enzymes on superoxide production by normal neutrophils. Amylase, trypsin, and pancreatic elastase themselves had no effect on its superoxide production, however, pancreatic elastase did enhance the superoxide production of PMA stimulated neutrophils. Kusner and King reported elastase from neutrophil increased the superoxide production by PMA stimulated neutrophils.20 Our results show that in pancreatitis in addition to neutrophil elastase, elastase from pancreas itself also participates in the initiation or progression of pancreatitis, or both.
There is 430/o homology in the primary structure of elastases from neutrophil and pancreas.21 Therefore the homologous portion of the peptide is assumed to be essential for interaction with specific binding sites on neutrophils. Further study is needed to elucidate this assumption.
We measured the superoxide production by neutrophils obtained from a patient with chronic pancreatitis who showed an abnormal increase in the serum value of elastase. Although the production by neutrophils stimulated with PMA alone was higher than that of neutrophils from healthy controls, the enhancing effect of elastase on superoxide production that had been shown in healthy controls was not seen (data not shown). It seems plausible that the neutrophils in patients with pancreatitis had already been primed by elastase and had reached the maximum primed state.
In this study, we used PMA as a stimulator for superoxide production by neutrophils. Pancreatitis patients do not produce PMA. It is known, however, that endotoxin,22 immune complex,23 anaphylatoxins,24 25 terminal complement complex,25 tumour necrosis factor,22 and platelet activating factor,26 which have the ability to induce superoxide production by neutrophils, are increased in serum or pancreatic tissue of patients or animal models of pancreatitis. An experiment using tumour necrosis factor as a stimulator in place of PMA also showed significant production of superoxide (data not shown). It seems plausible that this and others of the above substances have this effect in patients with pancreatitis.
To exhibit its enhancing effect on neutrophil superoxide production, elastase has to bind specifically to neutrophils and induce the signal transduction through specific binding sites. Recently, specific binding sites of pancreatic phospholipase A2 were found on several rat and human cells,27-29 and it was confirmed that pancreatic phospholipase A2 induced contraction of guinea pig lung parenchyma through its specific binding site.29 There are no reports, however, concerning the specific binding sites of other pancreatic enzymes or the elastase family. This study provided the first evidence for the presence of high affinity and low affinity specific binding sites for elastase on neutrophils. We are now conducting further studies on the action by elastase on the binding sites on neutrophils.
NADPH oxidase is known to be the key enzyme in superoxide production by neutrophils. We examined whether its activity is affected by signal transduction through neutrophil binding elastase. The activity of NADPH oxidase in plasma membrane fraction from neutrophils simultaneously stimulated with PMA and elastase increased significantly compared with that in neutrophils stimulated with PMA alone. These results show that enhancement of NADPH oxidase activity is one of the mechanisms by which elastase increases the superoxide production by neutrophils.
With regard to the role of elastase in initiation and development of pancreatitis, the necropsy findings of pancreas tissues in experimental pancreatitis model using dogs30-32 and in patients with haemorrhagic pancreatitis33 have suggested only a role for elastase in vascular injury by dissolving the elastic fibres in vessel walls. Our findings point to a new possibility that elastase affects development of pancreatitis by directly increasing the production of the destructive superoxide molecule.
